Protein databases
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Protein databases, historical background

Swiss-Prot, http://www.expasy.org/sprot/
Established in 1986 in Swizerland
ExPASy (Expert Protein Analysis System)

Swiss Institute of Bioinformatics (SIB) and European Bioinformatics
Institute (EBI)

PIR, http://pir.georgetown.edu/
Established in 1984
National Biomedical Research Foundation, Georgetown University, USA

In 2002 merged into:
UniProt, http://www.uniprot.org/
A collaboration between SIB, EBI and Georgetown University.
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UniProt

UniProt Knowledgebase (UniProtKB)
UniProt Reference Clusters (UniRef)
UniProt Archive (UniParc)

UniProt Knowledgebase Release 2012_05 (May 16,
2012) consists of:
UniProtKB/Swiss-Prot: Annotated manually (curated)
536,029 entries, 190,235,160 amino acids
UniProtKB/TrEMBL: Computer annotated (automatically
translated from nucleotide databases)
22,128,511 entries, 7,226,807,757 amino acids




Growth of UniProt
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Content of UniProt Knowledgebase

* Amino acid sequences
 Functional and structural annotations
- Function / activity
- Secondary structure
- Subcellular location
- Mutations, phenotypes
- Post-translational modifications
* Origin
- organism: Species, subspecies; classification
- tissue
» References
» Cross references

Amino acid sequences

From where do you get amino acid sequences?

 Translation of nucleotide sequences
(6enBank/EMBL/DDBJ)

« Direct amino acid sequencing: £dman
degradation

* Mass spectrometry
+ 3D-structures




UniProt entry, formatted view

UniProt entry, text view (flat file)

ID A1AT HUMAN Revieved; 418 Ak,
AC  POLDNS; h6PX14: BZRDQS: QOPVPS: QL3672; QS3XES: QSUONI: QTNARZ:
AC  QS6U1S; QS6UI0: QOFBFO; QUESL; QOP1PD: QOUCE6: QUUCH3:

DT  21-0UL-1986, integrated into UniFrotKB/Swiss-Frot.

DT  01-0CT-1986, sequence version 3.

DT  25-JAN-2D12, entry version 180.

DE  RecHame: Full=ilpha-l-antitrypsin;

DE  AltName: Full=ilpha-1 protesse inhibitor;

DE  AltName: Full=ilpha-l-antiproteinsse;

DE  AltName: Full=Serpin Ai:

DE  cContains:
DE Reclame: Full=Short peptide from AAT:

DE Short=SPAAT;

DE  Flags: Precursor;

GN  Neme=SERPINA1: Synonyms=iAT, PI; ORFNames=PROOSS4, PROZZ09:

05 Homo sapiens (Human).

OC  Fukaryota; Metazos; Chordats; Craniata; Vertebrata; Euteleostomiz
OC  Memwalia; Tutheris; Euarchontoglires; Primates: Haplorrhini;

OC  Catarrhini; Hominidae; Homwo.

OX  NCBI_TaxID=5606;

HI (1]

RP NUCLEOTIDE SEQUENCE [MRNA] (TSOTORM 1) .

RX  MEDLINE=54107950; PubMed=6319097;

RL  Bollen A., Herzog A., Cravador h., Herion P., Chuchana P.,

RL  van der Straten k., Loriau R., Jacohs P., van Elsen &.;

RT  "Cloning and expression in Escherichia ooli of full-length

RT  complementary DHA coding for humean alpha l-anbitrypain.”s

RL  DNA 2:255-264(1983) .

General annotation (Comments)




Protein sorting in eukaryotes

Different proteins belong to different compartments of the cell — and
some belong outside the cell

General annotation (Comments)

Post-translational modifications

Tranalation Posttranslationsl processing
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Many proteins need to be modified after their synthesis to become
active

Proteolysis: cleavage of signal peptides, propeptides or initiator methionine
Glycosylation: Especially relevant on the cell surface. Also plays a role in
sorting of proteins to lysosomes

Phosphorylation: Often reversible. Regulates the activity of many enzymes
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More post-translational modifications

» Lipid anchors
* (e.g. GPT anchors)
* Disulfide bonds
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General annotation (Ontologies)

Sequence annotation (Feature Table)




Secondary structure (Feature Table)

structure

Secondary structure:
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Alpha helix / Beta sheet / Turn
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Evidence/Confidence types

3 types of non-experimental qualifiersin
Sequence annotation and General comment:

- Potential: Predicted using sequence analysis

- Probable: Uncertain experimental evidence

- By similarity: Predicted using sequence
similarity

UniProt entry, sequence(s)

Cross-references, nucleotide sequences

Sequence databises




Cross-references, 3D structure

10 seuchns databaves

Cross-references

Other databases linked from UniProt
(there are ~100 in total):

* Nucleotide sequences

* 3D structure

* Protein-protein interactions

* Enzymatic activities and pathways

* Gene expression (microarrays and 2D-PAGE)

* Ontologies

» Families and domains

« Organism specific databases

Translation
and
Reading Frames




The genetic code

letter

Valine wa | Alanine

s s

« Degenerate (redundant) but not ambiguous

« Almost universal (deviations found in mitochondria)

Reading Frames 1

A piece of an mRNA-strand:

5% 3"

augcccaagcl Juuucaucat Jjauaa

can be divided into triplets (codons) in three ways:

1 aug ccc aag cug aau agc gua gag ggg uUuu uca uca Uuu gag gac gau gua uaa
K L N S V E G F F E D D V *
2 ugc cca agc uga aua gcg uag agg ggu uuu cau cau uug agg acg aug uau
c P s = 1 A * R G F H H L R T M Y
3 gcc caa geu gaa uag cgu aga ggg guu uuc auc auu uga gga cga ugu aua
A A E * R R G V F * 6 R C 1

Each possible set of triplets is called a reading frame.

Reading Frames 2

Since there are two strands in DNA, there are six possible reading
frames in a piece of DNA (three in each direction):

3 A QA E*RRGVFI1 1 *GRTCI
2 cPs*1 A*RGFHHLRTMY
1 M P KLNSVEGFSSFETDTDUWV*
5% ATGCCCAAGCTGAATAGCGTAGAGGGGTTTTCATCATTTGAGGACGATGTATAA 3~
3" TACGGGTTCGACTTATCGCATCTCCCCAAAAGTAGTAAACTCCTGCTACATATT 57
HGLQII AYLPK™®*™>*KLVIYHL 1
G LSFLTSPNEUDNSSSTY -2
A WASYRLPTIKMMQPRHII -3

A reading frame from a start codon to the first stop codon is
called an open reading frame (underlined above).




